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[57] ABSTRACT

A method for fabricating a semiconductor diode array,
utilizing an alignment tool to precisely position a plural-
ity of diodes so that they can be bonded into a precision
array. The alignment tool and a method for fabricating
the tool are also disclosed.
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1 2
METHOD OF FABRICATING AN ARRAY OF SUMMARY OFg]ggé?;'ENTmN AND
SEMICONDUCTOR DEVICES

This is a division, of application Ser. No. 447,981 filed
Mar. 4,1974, now U.S. Pat. No. 3,930,295.

BACKGROUND OF THE INVENTION

The invention herein described was made in the
course of work under a grant or award from the U.S.
Army. '

This invention relates generally to a method for fabri-
cating a precisely aligned semiconductor array, and
more particularly a method for alignment of semicon-
ductor diodes using a tool and a method for fabrication
of the tool.

Semiconductor applications frequently require pre-
cise alignment of a plurality of semiconductor devices
spaced over a surface and configured as a large scale
array. Many applications utilize an optical or electron
beam which is caused to move from device to device in
an array. The semiconductor devices are responsive to
the beam as it impinges on individual semiconductor
devices during its movement across the array. In an
electron bombarded semiconductor (EBS) target, a
semiconductor target including a plurality of reverse
biased diodes is bombarded by an electron beam to
obtain an output from the diodes that is representative
of the linear distance over which the beam moves.

It is important in EBS applications that the device-to-
device alignment be extermely precise so that the out-
put from the diode array results solely from beam
movement. Device-to-device misalignment may con-
tribute substantial error in the output. In EBS applica-

tions it is necessary that adjacent devices, such as diodes

in the present invention, be isolated from each other and
further be very precisely aligned with respect to one
another. In operation, an electron beam is swept across
the diodes a very precise amount. If it is necessary to
sweep the electron beam more than anticipated then
power is wasted and less efficient operation results.
Further, in certain applications, the devices may be
connected in series and the spacing between diodes then
become particularly critical as any variation in spacing
will produce a corresponding variation in output im-
pedance of the series connected devices. Thus it may
not be possible to couple the semiconductor target into
a load properly.

Prior art methods of providing a diode array include
separating a plurality of diodes into individual dice with
the die dimensions accurately controlled, such as by
sawing. The dice are then individually aligned and
bonded to a substrate. This technique, in reality, lacks
the required precision because of the inherent limita-
tions in the mechanical device which must step from
one diode position to an adjacent diode position as de-
vices are individually bonded on a one-by-one basis.
The inherent limitations of mechanical one-by-one posi-
tioning become particularly acute when semiconductor
dice must be placed very close together, on the order of
1 or 2 mils. Dice spacing of this order does not permit
sufficient room to physically and rigidly grip each semi-
conductor die to prevent it from sliding while it is being
bonded to a substrate.

Accordingly, it is an object of this invention to pro-
vide a method for fabricating precisely aligned arrays of
semiconductor devices.

It is a more specific object of this invention to provide
a method for fabricating a semiconductor diode array
utilizing an alignment tool to precisely position a plural-
ity of diodes so that they can be bonded into a precision
array.

A further object of this invention is to provide an

" alignment tool for positioning diodes in an array and a
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method for fabricating the tool.

Briefly, in a specific embodiment of the invention, a
diode array is fabricated using an alignment tool of the
type having spaced recesses formed in a semiconductor
body. The body is adapted to receive discrete diodes of
the type having diode bonding pads so that the diode
bond pads protrude above the surface of the body. An
insulating substrate having a surface is provided and a
metal layer formed on the surface of the substrate is
patterned to correspond with the diode bond pads of
the spaced diodes which have been positioned by the
alignment tool.- The substrate and patterned layer
thereon is then heated to the melting temperature of the
diode bond pads. The diode bond pads and the substrate
pattern are aligned in a confronting relationship and are
brought into contact. The substirate is allowed to cool
and the tool is removed from the diode array formed on
the substrate pattern.

-DESCRIPTION OF THE DRAWINGS

FIGS. 1-10 show cross sectional views of a portion of
a semiconductor body utilized as an alignment tool in
accord with the present inventions.

FIGS. 11 and 12 show the alignment tool having a
plurality of diodes mounted therein, the tool placed in a
holder and the combination placed in a conventional
bonding apparatus.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The method for bonding diodes in an array in accord
with the present invention requires an alignment tool
for positioning discrete diode during the bonding pro-
cess. The starting material for the alignment tool is a
semiconductor body or wafer 16, having a top planar
surface 17 and a bottom planar surface 18, FIG. 1. The
semiconductor body 16 may be of silicon material hav-
ing a <100 > orientation and having top and bottom
planar surfaces ground and polished to provide a body
thickness of from 10 to 12 mils.

Next a first protective layer 19 is formed on the top
planar surface 17 and a layer 20 on the bottom planar
surface 18. The protective layer may be an oxide of the
semiconductor body having a thickness of 1 to 1.5 mi-
crometers. Next the top protective layer 19 is masked
with a pattern defining the diode size, thickness range
and diode spacing corresponding to the diodes that the
alignment tool is to position, FIG. 2, This may be a
conventional step of applying a photoresist 21 to the top
layer 19. Next the body is etched in the areas of the top
protective layer 19, that are exposed by the conven-
tional photoresist process to form masking windows, or
apertures 23. This etching step may be accomplished by
attaching the body to an inert substrate with wax, leav-
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ing the patterned side exposed and etching the thermal
oxide in the exposed areas, FIG. 3.

The portions of the semiconductor body which are
exposed after the etching process, are then etched
through windows or apertures 23 to form recesses 24
having walls 24a with the desired depth determined by
the diodes to be aligned by the tool, FIG. 4. In a silicon
body, the etching may be accomplished by an aniso-
tropic etch, such as in 30% sodium hydroxide at 60 to
80 °. The top protective layer 19 is then removed from
the planar surface 17 such as by etching, FIG. 5. Next,
the body 16 is demounted, cleaned and a second protec-
tive layer 26 formed on the planar surface 17 and the
exposed walls of recesses 24, FIG. 6.

Next the bottom protective layer 20 is masked, such
as by conventional photoresist technique, FIG. 7. Win-
dows or apertures 27 are formed in the layer 20 underly-
ing the recesses 24 extending from planar surface 17,
and portions of the body 28 are exposed. The apertures
or windows may be of rectangular shaped and of suffi-
cient size to provide an anisotropic etching to a depth of
15 mils. Alignment of the underlying apertures 28 with
the recesses 26 may be accomplished by use of an infra
red microscope. Next, the portions of the semiconduc-
tor body 28 exposed through the mask are anisotropi-
cally etched forming botton recesses 29, which extend
from the lower planar surface 18 to contact an exposed
portion 31 of the layer 26, FIG. 8.

Next the body 16 is cleaned and layers 26 and 20 are
removed, FIG. 9. Next a relatively thin passivating

layer 32 is formed on the exposed surfaces of the body.”

Layer 32 may be an oxide of the body formed to a
thickness of 1 to 1.5 micrometers, FIG. 10. Next the
body 16 may be dimensioned such as by scribing to
provide an alignment tool having the desired diode size
and diode pattern formed therein. The alignment tool
may be dimensioned to a rectangular pattern 0.6 inches
on each side and having the diode array pattern cen-
tered thereon.

Turning to the method for forming discrete diodes in
an array, the alignment tool now fabricated is posi-
tioned in combination with an alignment tool holder 36,
FIG. 11. The alignment tool 34 is placed on a lower
surface 39 of the holder 36. Tool holder 36 includes a
housing 38 having a lower surface 39 and having a
cavity 41 extending from said lower surface 39 within
the housing 38. Housing 38 has a passage 42 extending
from cavity 41 through housing 38 exiting on a surface
opposite surface 39, Passage 42 has a bonder pin 43
slidably mounted within passage 42. A vacuum tube 44
is in communication with cavity 41, Cavity 41 has a
porous block 46 suitably positioned within said cavity.
Bonder pin 43 is positioned in relation to block 46 so
that when pressure means is applied to pin 43 the pin
moves from a rest position to contact block 46 which
transmits the force applied to pin 43 by said pressure
means over the surface contacted by block 46.

In operation of the tool holder 36, alignment tool 34 is
positioned over the open end of cavity 41 and resting on
surface 39 and contacting porous block 46. Vacuum
means is applied to vacuum tube 44 to thereby urge
alignment tool 34 against surface 39 and porous block
46. Diodes 47 may now be loaded in the recesses of
alignment tool 34, said diodes and tool positioned so
that the diode bond pads 48 protrude from the align-
ment tool and extend outward from the combination of
the holder 36 and the tool 34, The diodes 47 are likewise
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4

urged against the outward suface of tool 34 by the vac-
uum means applied to vacuum tube 44.

Diodes 47 are positioned within the alignment tool 34
with outwardly facing bond pads 48, FIG. 12. In the
present invention the diode bond pad 48 metal combines
with the substrate metal, yet to be described, to form a
diode bond metallization, thereby bonding the diodes
into an array. Two specific diode bond metallizations
may be utilized, one metallization utilizing the gold-sili-
con eutectic and the other the gold-tin eutectic. The
process used to form the diode bond pads 48 may be
accomplished subsequent to the conventional formation
of the diodes 47. The conventional formation of diodes
47 may be by diffusion or ion implantation of the diodes
in a first surface of a semiconductor body which is then
ground and polished to the desired diode thickness.

Next a relatively thick, impurity doped insulating
layer is formed on the back side of the wafer, that is, the
surface parallel to the planar front or first surface in
which the diodes are formed. The layer may be approxi-
mately 2000 Angstroms in thickness formed of phos-
phorous doped silicon dioxide. The oxide may then be
patterned to expose the semiconductor surface on the
back of each diode. Next the diode bond pad 48 may be
formed. In the case of the gold-silicon eutectic a first
layer of 100 to 300 Angstroms of nickel is formed and
sequentially 2 1000 Angstrom layer of gold is formed on
the exposed backside of the diodes. In the case of the
gold-tin eutectic a layer of 100 to 300 Angstroms of
titanium is first formed, and then a 1000 to 1500 Ang-
strom layer of platinum or molybdenum layer is formed
thereon. Finally a 1000 Angstrom layer of gold is
formed on the platinum or molybdenum layer. The
bond pads are then conventionally masked.

Next, the gold-silicon semiconductor bodies have a 1
to 1.5 micrometer layer of gold formed thereon, such as
by electroplating. The gold-tin metallization semicon-
ductor bodies have a layer of 3 to 4 micrometers of gold
formed thereon, followed by a 2 to 3 micrometer layer
of tine sequentially formed thereon. Next 2 1 to 1.5
micrometer layer of gold is formed on the tin layer. The
photoresist is then removed and excess portions of the
metals removed by etching. Next the semiconductor
bodies are mounted on an inert substrate having the
individual diodes exposed. The diodes are then sepa-
rated, such as by anisotropic etching in 30% sodium

-hydroxide at 60° C as required. The discrete diodes,

having the diode bond pads 48 formed thereon, may
then be demounted, cleaned and inspected; prior to
their being formed into a diode array.

As previously discussed, once the diodes 47 are
placed in the alignment tool 34 which has been posi-
tioned against the alignment holder 36, vacuum means
urges the diodes 47 against the recesses of alignment
tool. Next the plurality of diodes in the alignment tool
34 and the alignment tool holder 36, are placed in a
conventional flip-chip beam lead bonding machine hav-
ing vertical travel, FIG. 11, An insulating substrate 51
has a metallization layer 52 formed thereon and pat-
terned to correspond with the diode bond pads 48 of the
spaced diodes 47 positioned by alignment tool 34. Next
the substrate 51 and the metallization layer 52 formed
thereon are heated by the conventional bonder stage 53.
The bonder stage 53 and flip-chip bonding machine are
positioned to align the diode bond pads 48 and confront-
ing, patterned metal layer 52. The metal layer 52 may be
formed of gold and heated to approximately 450° C.
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Next the conventional flip-chip bonding machine
vertical travel is adjusted to bring the confronting diode
bond pads 48 into contact with the metallization layer
52, Pressure means may then be applied to bonder pin
43, Typically 0 to 5 pounds of pressure may be applied
for a period of from 5-10 seconds. Next the vacuum
means is deenergized, the alignment tool holder pin 43
moved to its rest position. The bonding tool 34 and
diodes 47 therein remain in contact having formed a
metallization eutectic at the bond pad 48 - layer 52
interface. Next the substrate is allowed to cool to 250° C
and the alignment tool 34 is then removed leaving the
plurality of diodes 47 bonded to the substrate formed as
a diode array thereon. Next the substrate and diode
array are allowed to cool to room temperature.

Thus it is apparent that an alignment tool has been
provided for positioning discrete diodes of the type
having diode bond pads so that they can be bonded into
an array. Further, a method for fabricating a diode
array using a gold-silicon and alternatively a gold-tin
eutectic is apparent. The alignment tool, the method for
forming the tool and the method for forming semicon-
ductor devices into an array provides alignment of
semiconductor devices in a wide variety of applications
which require precise alignment. Moreover, the present
invention may be utilized to form arrays of various
types of semiconductors, such as diodes transistors and
photo-semiconductors, which may be scanned or acti-
vated by wide variety of optical or electron beams.

What is claimed is:

1. In a method of fabricating an array of semiconduc-
tor devices on a substrate utilizing an alignment tool
baving a body with a plurality of spaced apart recesses
with outwardly diverging side walls extending to one
surface thereof, the steps of: forming a plurality of indi-
vidual semiconductor devices having bonding pads on
one side thereof and inclined side walls diverging
toward the bonding pads, placing the individual semi-
conductor devices in the recesses in the alignment tool
with the inclined walls of the semiconductor devices
engaging the outwardly diverging walls of the recesses
and the bonding pads protruding beyond the surface of
the tool, forming a metallized layer on one surface of
the substrate, positioning the surfaces of the alignment
tool and the substrate in confronting relationship with
the bonding pads aligned with predetermined portions

6

of the metallized layer, heating the metallized layer to a
predetermined temperature, and pressing the alignment
tool and substrate together to bring the bonding pads
into contact with the metallized layer and thereby effect
bonding of the semiconductor devices to the substrate.

2, The method of claim 1 wherein the semiconductor
devices are held in the tool by applying a vacuum to the
recesses.

3. The method of claim 1 wherein the alignment tool
is removed when the substrate has cooled to a predeter-
mined temperature. .

4. In a method for fabricating a diode array on a sub-

" strate using an alignment tool of the type having spaced
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recesses formed in a body adapted to receive discrete
diodes of the type having diode bonding pads with the
diode bond pads protruding above the surface of the
body, the steps of: forming a metal layer containing
gold on the surface of the substrate patterned to corre-
spond with the diode bond pads of the spaced diodes,
heating the substrate to a temperature on the order of
450° C, aligning the diode bond pads to confront the
corresponding substrate pattern, bringing the confront-
ing bond pads and the substrate pattern into contact,
pressing the pads and pattern together with a pressure
on the order of 5 pounds or less for a period on the
order of 5 to 10 seconds, allowing said substrate to cool
to a temperature on the order of 250° C, and removing
said tool from the diode array at said temperature.

5. A method as is claim 4 wherein the metal layer
comprises a gold and silicon eutectic and the diode
bond pads are formed by forming a 100 to 300 Ang-
strom nickel layer on an exposed silicon surface of each
diode, and forming a gold layer having a thickness on
the order of 1,000 Angstroms on the nickel layer.

6. A method as in claim 4, wherein the metal layer
comprises a gold and tin eutectic and the diode bond
pads are formed by forming a titanium layer on the
order of 100 to 300 Angstroms in thickness on an ex-
posed silicon surface of each diode, forming a second
layer having a thickness on the order of 1,000 to 1,500
Angstroms from a metal selected from the group con-
sisting of platinum or molybdenum on the titanium
layer, and forming a gold layer on the order of 1,000

Angstroms in thickness on the second layer.
* % k ¥ %



